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The Cirrus and Sub-visible Cirrus Background
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c4Abstract
The occurrence of cirrus particles in the upper troposphere is more

common than previously reported. The presence of cirrus seems to be the
rule in tropical regions with clear conditions being the exception.

Particle size distributions for both thin and opaque cirrus are
presented. Two different size distributions characterize ice particles in
sub-visible cirrus. The most c•mmon has a peak distribution in the
I to 10 micron region with a rapid decrease of larger particles. The
second type contains ice crystals with diameters from 100 to 2000 microns
which appear to have fallen from higher levels.

Pages 170-175 of the preprints, 2nd Symposium on the Composition of the

Ngnurban Troposphere, 25-28 May 1982, Williamsburg, VA., American Meteorological

* Society, 45 Beacon Street, Boston, Massachusetts 02108.
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7A. ?
THE CIRLUS MWD SURVISIBLX CIRRV:S ICKGRDUN

Arnold A. Barnes, Jr.
Air Yorce Geophysics Laboratory

Hanscom AFB, MA

1. INTRoUCaiON wpowerful tracking radar at KKR (Barnes, Nelson,
The purpose of this paper in three fold; and Metcalf, 1974).

(1) to describe the different types of cirrus,
(2) to show that the occurrence of cirrc clouds Cirrus particles near the tropopeuse (at 16is much greater than previously reported, and or 17 ks) became more significant because of the
(3) to investigate the downward transport of higher velocity of the reentry vehicles at these
water and aerosols by cirrus particles fr. heights and the increased ,s-eenrom of the cirus
the upper mid-latitude troposphere. particles relAtive to the nose cones. Small parti-

cles do not survive passage through the nhock wave,
Over the past decade cirrus clouds have ho- but large particles do strike the nose cone; theycome more important as both we and our technology Induce spallinq and cause premature transition from

have be oe m-ore sensitive to environsental factors. laminar to turbulent flow. This chance in the
Hypersonic reentry vehicles experience erosion due flight characteristics can cause the reentry
to cirrus particles in the upper troposphere. Laser vehicle to wisc its target.
systen s are adversely affected by cirrus clodis. our work in heavy wather was dOcuafntedCirrus particles reduce the efficiency of laeinar for the wallops Island missions (Plank, 1974a,flow wings. scattering of sunlight by cirrus also bhe; 1977a,bz Berthel, 1976) and for the KMRinhibits solar energy coilectors. %issions in clear, light and heavy weather

In 1974 we realized that cirrus clouds caused ( Barn.s, and Krausa 1975&,bl s etcalf, Kraus and
significant erosion of reentry nose cones. Later Barnesa Xrausc 197e and Metcalf, au751we studied attenuation of laser beams used in high Barnes, 1916; Dyer. Berthel and Izual, 1981).
power weapon beam systew , and the role of cirrus
clouds as generating cells or seeder clouds in A review ot osme of the 51(5 test missions con-
storm systes ducted under clear weather conditions revealed Soo-

Danomalies. A preliminary Investigation Su.gestedDuring these studies we found subvisible cir- that these anomalies were due to cirrus clouds.rIue particles in the upper troposphere (Sarne.lgB0 These missions were conducted on moonless nights
a,bl and we documented the occurrence of both ci- to enhance visual tracking of the nose cones as
rus and sub-visible cirrus particles(Varley. 1978a, thty glowed white hot after reentering the earth's
bh, 930; Varley and Rrooks, 1978; Varley and Barnes. atmosphere at about 100ks altitude. In fact the cr1-1979; Cohen, 1979, 1981 t Cohen and Barnes, 1980; tenon for these missions was that noe cones ware
lVarlC, Oahen and Barnes, 1950). This paper to be tracked optically from first glow until theylsumarizes o0r" findlngs and extends thes results -eached the surface. Stars could be seen on these
to the downward flux of water and aerosols caused night reentries at Kwajalein. The stars can be seenby the gravitational settling of cirrus particles through thin cirrus layera. This was dramatically
in the troposphere. demonstrated by photographs of smon misslons whers

2. BACZGROIJH the glowing nose cones lit up thin cirrus layers,

Our early works with the erosion of nose cones temporarily obliterating the stars.
began at Wallops Island, Vir•inia (Plank, 1974ab,c, Meteorological records often showed this cirrus
Berthel, 1976). Initially high acceleiation wis overcast at sunrise and sunset. Further investiga-
siles were used. They reached maximan velo~city be- tions led us to conclude that there is a thin. per-fore exiting from the top of the stozm. The main sistent overcast of cirruz in the tropics most uf
meteorological interest was in the middle layers of the time.
the store with less interest in th'u cirrus at the

l top of or overlaying the storm. Since only winter- Later we provided cirrus particle site distri-
time large scale storms were used, the C-l30 butions and densities to the Advanced Radiation
aircraft could usually ascend into the cirrus. Technology prgject of the Air force Weapons Labora-

tory. These data were inputs to models of the pro-Becacse grokund launched sissites did nor sim-ulate reentry heating end a blction, a fem missiles pagation and attenuation of hiqh energy laser
Sweapon systefs. tight reports present the data andwere hýosted out of the atmosphere and then results from a number of C-130 flights which were
accelerated back into the atmosphere ot hypersonic conducced in Ne Meexico and adjoining states. Most
speeds (Plank, 1977h; Cunningham. 1977). These of the data were taken in thin or opaque cirrus,
tests were far from satisfactory to us because the but some subvisible cirrus data were obtained. These
reentry test region was welt off of the coast and at data were needed for studies of the effectiveness of
the extreme range of the weather radars(Crane,1970). high energy Laser ballistic defenesysts mounted

in patrol aircraft. The aircraft would cruise below-sstino was then moved to the Kwajalein Nis- th" ýirrum and hence the laser beam would penetrate
Ssiue 9ange (KKR) in the Marshall Islands. Minuteman
•,• ICes ostere jauched the ree*cry vehicles from frights were corducted in the New Mexico area to pro-

Vandenberg Ati CA. Weather data in the reentry vide climatological data for scheduled testing of the
corridor and along the reentry trajectories -are Airborne Laser Laboratory, the system's test bed.
obtained fr-n instrumented aircraft and frroA the
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Daaotie o hs i oc rg indicated that ýirru& was present almost all Of

Data obtained for these Air Force prosram4 the time at Kwajalein. Unfortunately, the air-

twere gase by PAA and the Department of Energy

lOfl(Dsrr, 114W) to study the effects of cirrus orne hygrometer did not work in the col& tem-

clouds in reducing the effectiveness of solar erataret in the bigh tropical troposphere so that

collectors located at ground lewel, no measures of thle relative humidity or rater

vapor content were obtained. The Lear 36 wag

Another application has been to a future limited to 14km and on almost every daylight

aircrztt which would operate In the upper flight we could see the thin cirrus above us.

troposphere (astromH• clda•ion and Davia,1981). The cirrus seen above the aircraft was quickly

This aircraft would use a lamlnar flow wing whi,.h named "irrus evadus" or ¶,irrus above US".

would increase lift by approximately 30%. The This thin layer on almost every flight

laminar flow is held onto the wing by sucking was usually seen fret the surface at sunrise

sir in through fine slits on top of the wing. and sunset. I began to wonder if this thin cir-

The concept has boen tested and flown (Hall. rus layer persiLied throughout the day and, if

1964), but the incxeass in lift is lost when so, was it psssible to see it at other times.

the wing is in cloud. Test data showed occa- The Tmg-tl radar (Paulsen, Petrocchi and Mclean,

saonal loss of lift whan not in cloud; possibly 1970) operating at a wavelength of .8cm wag

caused by sub-visible cirrus. designed to detect cloud. Using the one at KIMR,

we were not ablb to detect this thin cirrus
The occurrence uf cirrus clouds above other unless it was also obvious visually. Indeed,

clouds and the weeding of lower cloud decks by the human eye turned out to be a better detector

large crystals (Bergeron, 1950) Ls important in since it could pick oct these thicker streaks of
understanding the processes occurring in storn cirrus which were not over the radar.
systems and the production of precipitation.
For tm winter seasons we provided h.n cover By blocking out the sun with the corner
in cirrue clouds for tts investigations Of stores of a building or other object, and looking at the

sear Seattle under the CYCLES program (Herzegh region near the sun, structure in the thin cirrus
and Hobbs, 1981). could be identified. Unfortunately, the struc-

tural variations in the concentration of sea
Cirrus particles may cause damage Ic. the salt spray in the boundry layer could also be

tiles on returning Space Shuttle flights. NASA cal- seen at the same time. With a little training it
culations indizete that particles larger than Imm bedase easy to separate the two becauae the low
(1000 microns) in diameter could damage the tiles. level variations moved rapidly with an east to

west motion typical of the trade wirds while the

We will attempt to define cirrus clouds the cirrus moved at a slower relative motion and

and particles as they occur in the non-urban generally to the east or northeast, depending on

troposphere and to show how they contribute to the upper level winds.

the downward flux of both water vapor and
aerosols. Detection of this thin cirrus at night was

more difficult. Even when full, the moon van not

bright enough to use this technique, but by3. THIN ANDq OPAQUE CIRRUS looking in the vicinity of the soon a ring could

We will now look at those cirrus clouds
which can be detected visually. This 18 not A sometimes be detected. Thcough experience we

very precise definition, hut it will do for now. learned to differentiate between the ml rinq
due to the boundary layer particles and the ring

Cirrus clouds are generally fo..nd in that caused by cirrus. If the cirrus was thick enough

part of the troposphere where the temperature is it could be seen by moonlight.

less then -25oC. How do particles move to or
form at these levels? The most dramatic way is When very thin cirrus occurred on a aconlesb

by convective clouds such as thunderstorms. Li- night, obseration of faint stars could havte been

quid/ice water content values canr exceed 3 go/" used. Powever. this reuires a Familiarity rith

in intense storms found during summer, but cou.- the stars in 3he region.
centrations at cirrus levels are usually .03 ga/u

3

or less. At mid-latitudes most cirruý is aessoci- We found that thin cirrus was present almost

ated with cyclonic storms, the jet stream, or all the time at twajalein. We also observed thic ,

upper level troughs. The earth receives its cirrs ovar the United States when the official

maximums heating from solar radiation in the observers were replring no cirrus. his higher

tropics and the induced convective storms play a frequency of cirrus might have an effect on av-

major role in the general circulation of the tilable solir energy as calculated by Derr (1980).

earth's atmosphere. These tropical convective
storms transport the water vapor from the boundary Let us return to the questtoo of generation

layer right up to, and in acme cases beyond, the of cirrus. Some particles are genr.rated in con-

tropopause. This source of high tropospheric vective storms and are lifted to cirrus levels.

water vapor has been illustrated by time lapse If the particles are heavy enough, they will set-

movies from a French meteorological satellite tle out under gravitatioral 4ction. If small

which senses radiation at the water vapor absorb- (under 20$m) they will be kept at these levels

tion wavelength. Tmese movies show tongues of by Brownian motion and small scale turhulence.

water vapor surging poleward from the tropics.
The in-situ formation of cirrus particles

At Kwajalein the frequency of severe con- from water vanor at these levels could bauin

vective storme which contained lightning or which either by depositina on hygroscopic auroso.s, by

penetrated the tropopause (as determined by radar) spontaneous nucleation, or by other means. The

was m-all, moth visual and PMeS observations possible mechanim of formation will not he dig-
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Figure 1. Particle size uistribuition in Thin. TranF-

lucent Cirrvs. (Figure 22 from Cohwen- and Barnes,1980)

a'* Figure 3.

Z Dense Cirrus
S(Figure 32 from

Varley. C-ohen,
a CA's 1 t and Bernies, 1980)

The particlnu; in these cirrus shields are
ho not static, hut continue to compete f or available

water vapor. This competition can chaluqe the
S. - characteristics of the crystals. The regular

S__crystalian forms given l-y Hakaya(1
9
ý54) ar a

VARIAn1 LZg(Q function of temperature and relative humidity

would be present f or particles wihich completed
cussed here. W~e will provido data on the occur- this growth under static conditions, but the hwi-
rence of cirrus partlicls. If there is a su- brie types would be more common close to the
ficient supply of water vapor to form cirrus, store. However, after sufficient time, the dynasi-
the initial size distribution seems to evolve ice of the atmosphere, witth evaporation and depo-

with a peac in the dist~ribution curve in the I sition occurring, would produce cirrus which
to 10,0-6-M region with a logarithmkic decrease in l'ný-k just like cirrus produced by gentle air-
tne concentration. with incveasing esie. As more PASS lifting.
pa!ti~cles fors, the peak increases in both size
end in number c-3unt. Tigures 1 and 2 show typ-- Cirrus particle distribution fligh'ts were

ica ,5ntrb-ion inligtopac. irrs.made in the New Mexico area in1 the winters of
Fcr in-situ, isolated thin cirrus layers, the 1977-1978 and 1978-1979. The results appeared
height of the maximum concentration is gsnerallj in a series of eight reports, the last by Cohen
about 1km below the tropopatise (McLean, 1957). (91. Ss irswsascae itsom

moving onto the west coast wttile others were
If enough particles tore, laiger particles (in associated with high livel systems which were

excess of lVOOpm) appear, and segreqztiton begins, visible on satellite photoqraph~s transporting
causing a rapid increase of the lam.er particles moisture from the Pacific Ocean up over western
at the expense of the middle size particles as W ainit rtnNw eio n ea.Dt
and Passarelli (1991. 1982) saw, during edvecting were taken boefore we became inter-ested in sub-
spiral desccnts flown iby our C-130.- risible cirrus. Since the data were taken during

Figure 3 shows. a typical distribction from Cirrus level.
more dense cirrus cloubds. Tisam distributions
Are generall 1 associatt4 wit-h wide spread storm Orn ae lgt eue oDS(a
situations wlhere there is a large eupply of water Comutrin lateraftigehDta Iwe-used Hcstm (atnh

vipor and upward vertical motion to-, carry the Air rorce Ge-3physics Laboratory to locate Areas
wbeter vapor to the cirrus levels. Secause the containing cirrve clouds and to, obtain tempera-
winds ara generally faster at higher levels trso h irslyr rmstlie1
ihan at lower levels, the cirrus shield, both readings. Initially, the use :)f the McIDAS system
froms taunderstorws and cycionic storm systamis biased our sampling toward the mor% opaqur
move out in ffront of the storms while denser layers which were detected by the satel-
continuing to genierate over the storms. litea downstream from the m~ajor storm activity.

*5 5 SUEVISIBLE CIRRUS
Sub-visible cirrus consists of cirrus

I particles in the atmosphere which art not dense
a enough to be seen. This immediately presents a

problem since the same aggregation of particles

say be seen at some times, but not at others. An

example of thin cirrus nvc~rcasts at sunrise and

x suxnset at Kwajaluin which were not detected at
night or at m~cd day 'has been cited.

Sub-visible, cirrus consists of two distinct
types whicn, may exist simultaneously. The first

RI'type is the most commno and consists Of about 1O3

to 1O4 particles per cubic meter, a peak near
20m and with no particles larger th"ý loopsm.

L L" Figure 4 shoes an example of an exponential fcil

GO -IQ Off ot Particles wirn xiicieas data
indicates that 10% ot our flights in clear air at

Figune 2.Ptiksize Distribution in Opaque cirrus altitudes contain this type of backgroundK; ~Cirrus. (Figure 13 from Cohen, 1979) 72distribution. Inedi sunusual when we are
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i i • ngur, 4. Size Distributtin in Type I

| S ubviiibl-! Cirrus Draham and Spyers-Mran (1%671 n Hall M and

I [ Pruppacher {,?76) showed t,%at citrus particles of
i • to AUG 1976 these sizes could survive falls of 2 ý= or mor,.

"10, 201401101 0 •once t"ese parfticles reach tne freezing level
they melt and evaporate. Because the elifference
beteen the vapor pressure over ice and over

-water ic aswt eraigtmeaueSthe particles have a better chance for survival

o10 at colder temperatures, on the average.

X lfWintertime outbreaks of cold, clear ate,

) much as "Illoe Northers* in Texas, are often saicA

5 to 'sparkle'. This say be caused by these larg,
11 10, •"sub-visible cirrus particles in the air. The
9- Affect :s seen in regions of type 2 sub-visible

ScýTrrus, but r•ot in type I or in the stratosphere.

10 5.* T"E &-LE Or CIRRUS IN THE TRANSP~fl Or WATER
The water vapor transported polweard at uap-

a per levels precipitates at higher latitudes ac-

cording to general circulation models. Thm
10•-1 LLL ALtL|±L i.aL LliLLLLLLULLL. larger, type 2, cirrus particles produce down-

0 so 100 Ida 20 t ward transport of water at all latitudes.
0irrus unicus clouds are viual examples of

EQUIV MELTED DIAMF.TPR (MICRONS) this downward transpcrt.

at cirrus altit'udes and detect nothing with the If we take a w•rld wide density of type

PMS, ASSP Scatter-pfObe (Barnes, 1980b). pzrticles at one every 8 cubic w-tera (Barnes,
l•90b,, an average diameter of kOGpra. density of

The other type of sub-visible cirrus can- 0.5 g/ca
3
, fall speed of 1 a/s and a fall diet-

sistas of individual large crystals, 100 to over ance of 2k= (Braham and Spycrs-Durand. 1967:

2000 sicrons In diameter, with a den.ity of less Hall and Pruppacher, 1976), then for each square

than one particle per cubic meter. One flight meter, one particle reaches the bottom each a

.showed an average of one particle every eight Seconds. T7he amount of mass crossing a square

cubic setras. Figure 5 shows data from I flight meter every a seconds is:

where both types of sub-visible cirrus were 4 Wx 3P - 4_r 0,S M (10-2c=-3 - 2W 10-6 gi

present. These data wer" taken with a PifS ASSP 3 3 c=3

and a modified 985 2-D ?reclpitatlon Probe (noul- The fluxeter unit area for each second is;

lenrerg, 1970), and the existence of the larger 1 3 10 j!! - 2.rxI0-
7
g m-2 m -I

particles was visually v-rifted using a snow 8s 3 a
2

stick (Barnese.l90bb. The surface of the earth is 4 ir R
4v(6.178x0l

6
s

2 
a 5llX3C12 l2. the total flux is

These large particles fall due to gravity, 2.6xlO'
7

go C-
2

s"
1
x511x10"

1
m
2
u 1,33xlO ga/s I

and .n arctic regions where they may reach the 1.33x10 kg s-1 For a full year this is

ground before welting they create what are kae-n 1.33xi kg 6- Cx3.lSxlO
7 

s/yr - 4.19xlO kg/yr.

as 'diamond dust" snowfalls. Larger crystal are Beers (1945) gives the world annual rainfall as

frequently seen to fall from higher clouds; cir- 396,000 kmv/yr or 3.96x10
2 0

kg/yr which shows

rus unicus, mare's tails, is an example where the that, on a wurld wide basis, this downward flux

concentration is large enough to be seen. Bnth of large circus particles is an infinitesimal

our observations at Cid-latitudes (Barnes, 1980b) cnntribution to the hydrological cycle.

and observations by Hogan (1975) and Othake,
Jayawe.era and Sakurai (19781 in arctic regions If we calculate the depth of type 2 snowfall

provide examples where these large ,articleAs ap- in artic regions with a cnstant flux of 200pa

pear in clear air witb no visible cinuds above, particles, one per 8 cubic meter falling at 1./s,
we get 4!3 200U j 1 .I n 3.15x107 s - 16s.

3 2- B s yr yr

W Tis does not agree with observations of diamond
.8. -- dust snowfalls in arctic regions where accumula-

tions of cm/yr are observed. Such observations

indicate a 103 or 104 increase in concentration
to around 1o2 or 1O0 particles/m3. Cocentrations

of 200 pa and larger particles usually produce

opaque cirrus. The reduction of visibility id
Sopaque cirrus may be due to the larger ntumber of

tpe t i ce particles in the 1 to 10 Lm range

usually ýound in opaque cloud-a along with the

ice crystals over 200 1- in diameter.

•m a A 10d increase in the number of ,articles
"would give 16ca/yr thus accounting for a large

F 5 ... ,le nf I and part of the annual precipittLion in arctic

Subyisible Cirrus melt and ?,cnorate before reaching the ground.
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Barnes. A.A., 1990a: Ice particles in ClearSKkr. commu•nications a Is Vilso Conferencv

cirrus particle; failing frowa*)* dent Ar onmctiffai iieeCne5

supercooled clowds act as seeders. converting the tsrnaonalsur li vi des a

euporc.oIed Cirops to ice wh•ich then grow rapidly Vol 1, Cler•ont PorranA, France, 15-19 July

leading to precipitatior (s[rgeron, 1950). This ino, iso-bc. Arca-fl-Ri-0009. •o b94444

trinicer meceanism is iaportant in the precipi-

tetion pro esses in naia-latitudes, but it Is BreAA 90; Osrain fIeFr•a~on a•.ee•n i•-a~t~m •u ktiSticles in Clear Air. J. Rech. Atze., . 4. No.

doubtful that concentrations of type 2 eub-vifi- tide in-Clear Air. -347c Am A.. 14.

ble cirrus of one or two particles/0
3 

can seed 3 14, AD A10891l.

the lower clouds. Veavier concentrations of typer
2 cirrus have been nbserv•e by t band radar Bigh Alttd at.er cans, 197S:L COT

(Paulsen, Petroochi and McLean, 1970). These High Altitude Weather-Scans, APCPl,/A.N.T.

ippear sisailar to visual cirrus unions and seen Report No l,%ir Force Suxveys in Geophysics,

to eranate frcom generating cells. Using a TPQ-11, No.335, AFRD-Th-75-0645- AD DOISBL.

Hobbs, at al (1981) obsse-z*e such a seeding and Barnes, A.A_ J.1. Metcalf and L.D. Nlson,
an enlhance•eat of precipitation falling from the 1974e: Aircraft and ncalW her a D ta L neldsio

sLuprcooled cloud although the precipitation -as fo Aicraft nd a n Wehr peta Analysi
for PVM-5,AFCKL/MtiO~temlaf Report Nio. I- Air

not <ecorded an the ground. Air Force S ur ey An Ge-iS !.s O .
2 

7.

AFCPL-T•-74-0627. AD 8004290L
6. 0V4WARD TRANSPOKT OP AEROSOTS BY CIRRUS

The gravitational settliv, of the type 2 AarneS, A.A., L.D. Nelson and J.1. Mttalf,

articles IS a source of downward transport of 1974: Weather Docussentation at Xawtjalrin ?R1-

aerosols. Temperatures At the upper levels are sile Rangs, Air Force Surve s in Geophysics,

colder, so more ice nuclei ;;'!% are activated> No. 292, AFCRI.-TR-74-0430. AD A000925.
In the presence of sufficient wat*s vapor, ice

crystals grow rapidty and begin to till. The paz- Beers, w.R., 1945: Evaporation and Distribution

ticle$ carry the IN to lower levels, .nd also of '"ate Vapor in the Atmosphere. Handbook of

sweep up Other aerosols as they descend if ,4e Keteorology, f.A. Perry, Z. bolley and U.R.

* assume that the type 2 crystals form on :N with BeVts, EtS..MOGraW-HilI Book Co., InC.,

diameters of .2 a and density of 2 74/ca
3

, then New York, 737-745.
the dcwn-ward flux would be about 10'kqfyr. Lech

crystal woald sweep up 105 aerosols. so the Beroeron, T.-1950: ber der Mechanssies der

scavenging process would b- tne more important Ausiebigen Nederseblage. berichte des "t•e hen

factor in the downward aerosol transport. Wett,'dienstes. 12, 225-232-

S7. Sl-MARY berthel, toJ., 1976: A Climatology of Selected

Observetine of citrrus in the tropics and at Storms for Wallops island, Virginia, 1971-1975,

mid-latitudes have shown that the occurrence of AFUL/SAMS Report No. 4. KnviO'onwrectal Pesearch

cirrus ice particles in the atmosphere is more P so t 563. AruL-TR-760118. ,Z A029354.

prevalent than reported by ground observers.
Urahas, A.R., and P. Spyres-Durand, 1967:

Sub-visible cirrus ,bserved from aircraft Survival of Cirrus Crystals in Clear Air.

consist of two types. Type I is the background of J. Appl. Meteor., 6.1053-I061.

s•all ice particles with a peak in the sise die-
tribution at about I pm and a rapid exponential Cohen, I.D., 1979: Cirrus Particle Distribution

decrease for larger size particles. Type i is Study, Part 5- Air Force Surveys in GeoPhysics.,

found at cirrus levels an x;st flights. The No. 414. AFGL-TR-79-0155. AD A077361.

second type of sub-visible cirrus consists of

large ice crystals with diameters greater than Cohen. I.D.. 1981: Cirrus particle Distribution

100 M. scoe being larger than 
2 000

)pr Type 2 Study. part 8- Air Force Surveys in Geophylsics,

crystals fall through the atmosphere and may or No. 437. AFCITI-810316.

may not be found in conjanction with type I sub-

visible cirrus. Cohen, I.D. * and A.A. Barnes. 1980! Cirrus
Particle Distribution Study- Part 6. Kir Force

Opaque and thick cirrus clouds usually have Surveys in Geophysics, No. 430. AFGL-TR-80-
0
2

6 1
.

a peak in the size distribution between 10 and AD A096
7

7
2

.
20 ,ws with an exponential decrease at larger

sizes. Crane, R.K., 1978: Evaluation of uncertaintias
in the estimation of hydrometeor mass concen-

The downward flux of Oater and aerosols by tr4tions using SPK4.SA data and Aircraft measure-

san-isible type 2 cirrus is insignificant except ments. Scientific Report No. 1, W11.

ii arctic regions where diamsond dust srowfalls AY-TR-78-0118. AD A059223.

occur. Concentrations of typa 2 cirrus falling

from generating cells in large scale storm sys- Cluningham, R.M., 1977: MSV-2 Test, 20 March 1977.
tes play a signifLcant role in triggering pre- Unpublished ArGL report dated 5 August 1971.

cipitation in lower level. supercrled clouds,
bert, V.1., 1980: Attenuation of Solar Energy by

a. RAFEAEPCZS Sigh. Thin CIOUds. A__ oerie Environment, 14,•tI "719-729.

Barnes, A.A., 1976; Operations Plan for the

REKP-related Elements for Pission AU.?.-. Un- Dyer. R.M. *.0-. ferthel and Y. Izuoi, 1981:

published AFOrL report, dated 23 January 1976. Techniques for Measuring Liquid Water Content

Ajlong Trajectory. Znvironmental Research
no. 733. AifGL-TR-51-0Ii2. AD A102922.
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HAL a-t- 194 On th mcaiso fniizastro.r~ G.U., J.D o ldem a• R.S Dais 19;

tir .-&ct±Cles M~acin 9 through, an init-
ially lainir boundary layer and the estimated Varlablos. From GASP Data. NASA Technical Paper
effect on the LFC performance of the X-21 air- arbl. D r, GSDa, 2th a p
craft. Unpublished Morthrop Aitcraft technical
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